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ABSTRACT

The speciss, number, and size of young trout which occupy two areas
of the Madison River; the changes in specles composition over the study
period; the extent of movement; and the specific habitat of young trout
were studied during the summer of 1966 and the summer and Tall of 1967.
Brown trout and rainbow trout were found in the study aress,wlih brown
trout being the most abundant., The ratlo of rainbow trout to brown trout
increased from 5.6:100 to 28.6:100 as the sempling period progressed in
1967. Young trout were generally found in water greater than 15 cm in
depth where veloclties were between 0,09 and 0.51 m/sec,, and in or under
dense overhanging shore vegetation, DMost brown trout and rainbow trout were
found in the upstream srea, where greater amounts of aguatic vegetiation
and overhanging bushes existed. A total of 349 brown trout and 25 rainbow
trout were marked and released during this study. A total of 132 brown
trouwt and 10 rainbow trout were recaptured at least once, The maximum
number of times that a brown trout was recapiured was 5, and that a ralin-
bow trout was recaptured was 3. The trout in the study areas generally
remained in the sectlon or sub-section of original capture. The average
straight-line distance outside of the section cor sub-section in which
originally captured was 1l.4 m for brown trout and 6.4 m for rainbow
trout,



INTRODUCTION

Studies concerning fish population biology have generally deall with
adults. Only a relatively few have been done on fish less than one year
of age. Some of the more important investigations on young salmonids are:
survival of young brook trout in Michigan (Shetter, 1961; Latta, 1962);
growth and survival of fingerling hatchery brown trout in New York (Shuck
and Kingsbury, 1945); aggressive behavior of juvenile Coho salmon as a
cause for emlgration in Oregon (Chapman, 1962); migration behavior of
Juvenile rainbow troubt in outlet and inlet streams of lakes in British
Columbia (NWorthcote, 1962); behavior of juvenile Pacific salmon (Hoar,
1954 ), aggressive behavior of under-yearling Xamloops trout (Stringer and
Hoar, 1955) and stream aguarium behavior of juvenile brown trout {Hartman,
1963). These last three were done in British Columbla.

The objectives of my study were to determine: (1) the species,
number and size of young trout which occupy two small areas of the Madison
River; (2) the change in species composition over & period of time; (33
the extent of movement; and (4) the specific habitat of the young trout.

The study areas were located about Lo km upstream from the mouth of
the Madison River. One ares was situated C.5 km below the mouth of Cherry
Creek on the east bank and the other was 2.0 km above the mouth of Cherry
Creek on the west bank. The downstream ares was located on the main
river, while the upstream area was located on a side channel, which was
approximately 25 m wide. The study extended from 3 August to 7 Qectober

1966 and from 12 April to L Decewber 1067. Quantitative information was
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collected between 6 August and 16 September 1966 in the upstream area, and

between 29 August and 4 December 1967 in the upstream and downstream areas.

METHODS

Most fish were taken with the aid of a D. C. shocker and dipnet,
however, some were collected with a seine or a dipnet alone. BRach study
ares was divided into sections and sub-sections as illiustrated in Figure L.
All sections were sampled at inftervals of two weeks., Posts were placed at
the corners of section 1A at the upstream area and at sectlons 2 and 3 ab
both areas., When water levelg permitted, each of thege sections was en-
cloged with a common sense seine (6.3 mm mesh) before collectlons were
made. This procedure was followed to prevent young trout from escapling.
Tn 1966, only the upstream area was sampled (sections 14, 2, and 2). In
1967, sampling included sections 1, 2, 3, and 4 in both areas. Sections
2 and 3 were enclosed with a 3.2 mm mesh seine early in the season when
fish were generally lesgs than 90 mm and with a 6.3 mm mesh net later in
the seagon when fish were somewhat larger. Two gampling pagses were made
along the shore, followed by two pasgses offshore at sections 1 and 4. The
offshore portion included, as nearly as possible, a strip two meters wide
beginning one meter from ghore.

A1l trout less than 160 mm in total length were measured to the
nearest millimeter. Trout larger than this were not measured, but their

relative abundance was noted. Most small trout were marked {fin clip
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Figure 1. Map of the Study Areas on the Madison River, Montana.



wlie
ané/@r dye injection) in order to identify recaptures and place of release.
Spaleg were taken from approximately 60 fish for age determination. Follow-
ing these procedures, fish were allowed to recuperate before belng
distributed at random throughout the area from which they were capbured.
Some sampling was done outside and within approximately 100 m of regular
gections in an atbtempt to capbure marked fish.

Numerical analyses were restricted to the young trout. The number
and density of trout are given for each section.

Weter levels were determined from a reference marker during esach
sampling period., Velocities were obtalned with a current meter at irregu-
lar intervals in 18 places within the sampling areas. These measurements
were taken at 30 om intervals, extending out from the shore. The boundarie
of the sections and sub-sections were generally used for the measurements,
Air and water temperatures and weather conditions were recorded for each
sarpling period. Sampling areas were mapped and the vegetation identified.
Percentages of bottom material were debtermined using a modification of the
Davbenmire method (Daubernmire, 1959). TFive categories were recognized:
g1i1t — less than 0.02 mm in diameter; sand — fyrom 0.02 to 2.0 mm;
gravel = 2.0 to 25 mm; small rubble — 25.0 to 150.0 mm; large rubble -
greater than 150.0 mm. Sampling plots, in linear series, were measured
at each study area. These were approximately 2 m apart and at varying

digtances from shore (0.3 to 3.0 m).



RESULTSE

Determinations of depths, volumss, levels, bottom materials, angle of
stream banks, temperatures, and vegetation were made to see if these influ-
enced the number and distribution of young trout. The mean depth for the
dovnstream area was 36.9 cm, with a range of 15.2 to 6L.C cm {118 measure-
ments), while that for the upstream area was 33.2 om, with a range of 12.2
to 79.3 em {103 measurements), The mean volume for the downstream area
was 0.57 cu.m/sec., with a range of 0.26 to 1.0k cu.m/sec. (10 measure-
ments), while that for the upstream area was 0,51 cu.m/gec., with a range
of 0.14 to 0.94 cu.m/sec. (8 measurvements). Large variations in depths
and volumes existed, depending upon when and where measurements were made.

Water levels were low during the first part of May, and increased to
the maximum during June, 1967,due to runoff (Figure 2). A general decline
followed and continued through mid-August. Water levels increased between
mid-August and mid-October due to water manipulation at the dam upstream.
A rapid decline began in mid-November and continued to the end of the

(gfg; % 87 g At

sampling period. The bottom materials, in the order of increas%ng

L gﬁwwié&t 3
abundance for the downstream area, wers: small rubbiezﬁgﬁavel, silt, and
sand (Table 1). In the upstream area, they were: small rubble, gravel,
sand, large rubble, and silt. Stream banks were approximetely wvertlcal to
the water surface ab both study areas. Wabter temperatures generally de-
creased, from 20.5 C on 6 August to 11.0 C on 7 October 1966 and from
19.0 C on 29 August to 2.5 ¢ on 6 November 1967. After this date, temper-

atures were Talrly conghant through & December, except for a temporary
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Table T. Percentage of bottom material in the study areas as determined
by the Daukenmire method,

Bottom Materials

Small Large
Aresn Silt Sand Gravel Rubble Rubbhle
Downstream
Number of
samples 200 200 200 200 200

Sum of mid-point

percentages 792.5 2h2.5  1,970.0 10,687.5 5,132.5

Mean per=-

centage 3.96 1.21 G.85 53, Ll 25.66
Upstream

Number of

samples 200 200 200 200 200

Sum of mid-polint

percentages 1,502.5  2,417.5  2,937.5 G, hez.5 2,332.5

Mean per-

centage 7.51 12.09 1h, 65 hr.11l 11.66

increage of 6.0 { in mid-November. Shelf ice was present along the shore
of the upsgtream area during the last sampling period.

Terrestrial vegetation adjacent to the shoreline was about 98% grass
(Gramineae} and sedge (Carex) and 1% rose (Rosa) in the downstream area,

while it was about 33% rose, 29% snowberry (Symphoricarpos albus), and 21%

grass and sedge in the upstream area. The aquatic vegetation included
filamentous algae (Cladophora), which occupied about 3% of the upstreanm

area and 0.5% of the downstream area, and water milfoil (Myriophyllum
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exalbescens), which covered about 9% of the upstream area and 7% of the
downstream area. Other specieg of submerged aduatic vegetation were rare.

Brown trout (Salmo trutta) and rainbow trout (Salmo gairdneri) were

commor in the study areas; the former were the most abundant. The earliest
seasonal collection of a young-of-the-year brown trout {23 mm in total

length) occurred 30 April 1967. Young rainbow trout (25 mm and 31 mm) were
firgt obbained on 5 May. Other species of fish taken were: mountain white-

#igh, Prosopiun williamsoni; longnose dace, Rhinichthys cataractae; car
> E J 5

Cyprinug carpio; Utah chub, Gila atraria; longnose sucker, Catostomus

catostomus; mountain sucker, Catostomus platyrhnchus; white sucker,

Catostomus commersonii; stonecat, Noturus flavus: bluegill, Lepomig

macrochirus; and mottled sculpin, Cottus balrdii. The longnose dace,

suckers and sculpin were by far the most abundant.

Location of trout. Young trout were generally found in water greater

than 15 cm in depth, where velocities were between 0,09 and G.51 m/sec.,
and in or under dense overhanging shore vegetation. Thelr locations were
recorded for both the inghore and the offshore portions of the siudy
sections in 1967. total of 8L4.7% {233 of 275) of the trout were Tfound
in the inshore portions, which constituted aspproximately 32% of the study
areas. A total of 85.7% (215 of 251} of the brown trout and 75.0% (18 of
24) of the rainbow trout were found in the inshore portions. In addition
to the ususl cover found in the inshore portions, uprooted agquatic vege-

tation clinging to overhanging shore plants, and Tlooded terrestrial plants
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(especially the grasses) in late July also provided cover for the trout.
Boussu (1954} reported that uprooted aguatic vegetation supplied cover for
young trout.

lumber and dengity of trout. The number and density of trout captured

were determined in both 1966 and 1967 for each section {Table II). The
upstream area had a greater number than the downstream area. A total of
gl prown trout and one rairbow trout were taken in the upstream area in
1966. OFf these, 39 brown trout and the rainbow trout were taken in section
2. TFour additional brown trout were collected outside of, but near to, the
regular sectiong. A total of 251 brown Trout and 2L yainbow trout were
taken in 1967; of these 217 brown trout and 23 rainbow trout were from the
upstream area. A total of 128 brown Lrout from thisg area was taken in
section 1, while 16 of the rainbow trout were found in section L. Section
1 of the downstream area had the most brown trout (21) prior to 9 October,
and section 4 had the most (10) after this time. One rainbow trout was
taken in section 1. An additional 309 brown trout and 46 rainbow Lrout
were captured ouhtside of regular sgections.

The overall ratio of rainbow trout to brown trout increased as the
gsampling period progressed in 1967. For the periods designated, these
ratios were: 29 fugust to 25 September — 5.6:100 (215 trout); 26 Sep-
tember to 23 October — ©.0:100 (167); 2L October to 20 November — 1h.6:

100 (206); 21 November to 4 December — 28.6:100 (42),
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Table IT. Number/section and denglity of brown trout and rainbow trout
in the areas for the sampling intervals.
Sampling o 1
interval Number and density (fish/m” surface)
Section
1966 Species 1A 2 3
Upstream area
£-19 Aug B¥* 11 (0.5) 16 {0.7) 13 (0.6)
20 Aug-9 Sep B 9 (0.4) 13 (0.6) 10 (0.4)
3-16 Sep B 5 (0.2) g (0.4) 8 (0.3)
R¥* 1
1967 1 o 2 b
Downstream area
29 Aug-11 Sep B &%
12-25 Sep B 5
26 Sep-9 Qct B L 1
10-23 Oct B 1 2
2l Qct-6 Nov B 1 3
7-20 Nov B 3
R 1
21 Nov-L Dec B 2
Upstream area
29 Aug-11 Sep B 2ox{0.2) 1# 1¥ 20%(0.2)
R 0.5% 0.5% 1%
12-25 Sep B 23%(0.2) 1% 1 9 (0.1)
R 0.5% 5
26 Sep-9 Oct B ih (0.1) 2 (0.1) 1 b
R 1
10-23 Oct B 11 (0.1} 3 (0.1) 1 5
R 1 1 L
2l Oct-6 Nov B 13 (0.1} 1 5
R 2
7-20 Nov B 10 (0.1
R 2
21 Hov-4 Dec B 1
R 1 1

*Average of two samples taken during the interval.

*¥ B -

brown trout; R —

rainbow trout.

Ipengity is less than 0.1 fish/m€ surface when not given.
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Tn general, higher densities were found in 1966 than in 1967. The
maximun density for brown trout (0.7 fish/m2 surface) for both arecas oc-
curred in section 2 of the upsbream area in 1966, A progressive decrease
oceurred throughout the sampling periods in 1966 and 1967 for both study
sreas. The maximum density for rainbow trout (0.1 fish/m2 surface) oc-
curred in section L of the upstream area in 1067. The density did not
change substantially throughout the sampling period.

Length frequency distribution. A total of 659 brown trout (1966,

1967), and 69 rainbow trout (1967) were measured, Length freguencies are
given Tor each two week Interval for brown Lrout and I} week interval for
rainbow trout. fish taken during each collection period were grouped in
10 mm length intervals (Figure 3). A total of 59.2% of the brown trout
were in the two length intervals between 81 and 100 mm in total length in
1966, while 59.3% were in the three length intervals between 81 and 110 mm
in 1967. A total of 63.8% of the rainbow trout were in the three length
intervals between 81 and 110 mm. The smallest brown trout was 58 mm in
total length and the largest 160 mm, while the smallest rainbow trout was
64 mm and the largest 152 mm (Table ITI}, Trout larger than 160 mm in
total length were rarely found in the study areas. In general, the average
gize and the range in total length increased from the first collection
period to the last in both 1966 and 1967.

Age. The ages of the larger figh including 52 brown trout and 13
rainbow trout taken during 19467 were determined by scale analyses. Only

four brown trout and two rainbow trout had one annulus; The remainder had
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Table IIT. Maximum and minimum total lengiths of brown trout and ralnbow
trout for the sampling intervals.

Brown Trout Rainbow Trout

Sampling Total Length (wm) Sampling Total Length (mm)
Interval Minimum Maximum Interval Minimuam  Maximum
1966 1967
& to 19 August 66 11k 29 August to

25 September 6L 109
20 August o
2 September 69 117 26 September %o

23 October 8L 1h7
3 September to
16 September 79 135 2k October to

20 Tovember 76 1ht
1667
29 August to 21 November to
11 September 58 12k I December 86 152
12 to 25
September 6l 140
26 September to
9 October 69 155
10 to 23 October 81 157
2 Qctober to
& November 79 157
7 to 20
November bl 157
21 Kovember to
L December 79 160

none. From this it was assumed that trout under 160 mm in total length were
usually young-of-the-year. This agrees with other reports on young-of-the-

year trout in Montana {Purkett, 1950; Bishop, 1955).
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Movenment. A total of 3%9 brown trout and 25 rainbow trout were
marked and released in the ssction or sub-section in which they were
captured in 1966 and 1967 (Table TIV). The number of times fish were re-
capbured in each instance given below represents the least number. A
total of 132 (37.8%) of the brown trout were recapbured once, 29 {8.3%)
twice, 11 (3.2%) 3 times, three {0.9%) b times and one (0.3%) 5 times.
One hundred-and-twelve of the fish recaptured once, 27 twice, 10 3 times,
three 4 times and one 5 times were found in the section or sub-section of
original capture or within approximately 10 m from 1t. The least number
of times recapiured and the slapsed time from original release to last
recapbure are as follows: once — 1b days (2 to 48 days), twice — 26
days (12 to 52 days), 3 times - 34 days (27 to 38 days), 4 times — 49

(26 to 56 days), 5 times — 62 days. Six brown trout were recaptured
in the offshore portion of a sub-section after being released in the
inshore portion, and four showed the opposite movement. A total of 32.3%
of the fish were found adjacent to or outside the secction or sub-section
of original capture. The average straight-line distance that fish were
found away from the section or sub-section in which released wasg 11.4 m
(3.5 to 70 m)., The maximum straight-line distance downstream was 30 m
and upstream was 70 m.

A1Y recapbtuared rainbow trout were from the upstream area in 1967,
Ten (40.0%) were recaptured once, three (12.0%) twice, and one (4.0%) 3

times. Right of the fish recaptured once, three twice and one 3 times
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Takle IV, WNumber, time and place of recaptures. (Average number days
from first releasse to recapbure in parenthesesc)

Number of recapbures

Minimum Inside
number section Adjacent to Outslde of

times of gection of section of
) . Number  recap- original original original
Year Species trout tured capture  capbure capbure
1966 Upsiream area
Brown trout 27 1 (22) 26 1
7 2 (31) 7
1967
Upstrean arsa
Brown trout 86 1 {12) iie) 18 20
17 2 {26) A 9 2
7 3(39) 1 5 1
3 o {(ha) 1 2
L 5 {(62) 1
Rainbow trout 10 1 {(19) 3 5 2
3 2 (36) 1 2
1 3(39) 1
Dovmstrean area
Brown trout 15 1 {143 16 3
5 2017} 2 3
Lo 3(35) 1 3

were found in the sechtion or sub-section of original capture or within

approximaetely 10 m from them, The least numper of times recaptured and

the elapsed time from original release to laslt recapture are as Tollows:
s

once -- 10 days (7 %o 33 days), twice — 36 days (20 to 61 days), 3 bimes

- 39 days. One rainbow trout was faxen in the off'shore portion of one
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sub-section after being released in the inshore portion, and none showad
the oppogits movement. A total of 71.4% of the fish were found outside the
gection or sub-zection of original capture. The average gtraight-line
distance that fish were found away from the section or sub~section in
which released was 6.k m, The maximum straight-line distance downstreanm
was 13.5 m and upstream was 3.5 m. Since sampling was limited mostly to

the study sections and places adjacent to them, fish which woved beyond

thege locations would not be taken.

DISCUSSION

A larger number of trout were found in the upstream than in the down-
gtream area, possibly due to greaber amounts of vegetation (cover) in the
upstrean ares. A larger number were found in the inshore portiong than
the offshore, and again this was probably due to greater amounts of sub-
merged aguatic and overhanging terrestrial vegetation near ghore. During
the last sampling period in 1967, there was a marked reduction in the
number of fish in the upstream area where overhanging vegetation was lef%d
high and dry by low water. DBoussu (1954) showed that greater numbers of
trout were found near overhanging brush and acuatlic vegetation. Hartman
(1963) reported that fish might be expected to aggregabe in stretches of

stream with good cover.
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The average gize of fish increassd as the sampling periods pro-
cressed and was similar in 1966 and 1967 for comparable periods (29
Avgust to 16 September). In general, the range in total length increased
from the beginning to the end of the sampling periods in both years. It
may be that larger fish dominate the smaller fish and grow at a fasber
rate. Chapman (1962) reported this for young Coho salmon. In the present
study, there were gubstantial differences in trout density between the two
vears of the study. This change may be due at least in part Lo the sampling
inadeguacies. Mcfadden and Cooper (1962) reported that large changes in
density may be accompanied by only small changes in size.

Young trout in the study areas generally remained in or near the
gection or sub-section of original capture. Stefanich (1952) reported that
adult brown trout and rainbow trout generally remained in or near the place
of release. A strong senss of territorial tehavior has been reported in
voung brown trout and ralnbow trout {Kalleberg, 1958; Stringer and Hoar,
19553, In general, the longer the period between release and recapture,

the greater the straight-line distance the brown trout traveled.
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